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(54) [Title of the Invention] 

METHOD FOR THIN FILM MODIFICATION AND APPARATUS FOR 
IMPLEMENTATION THEREOF 
(57) [Abstract] 
5 [Problem to be Solved] 

To provide a method for thin film modification and an apparatus for 
implementation of the method which enables a precise laser irradiation which can be 
mechanically controlled on the predetermined position of a substrate with a micro pattern 
of approximately 1 um line width, and prevents shrink and a warp in a substrate by heat 
10 treatment; further, the method performs heat treatment of a substrate at 500 °C or higher 
with controlling shrink and a warp in a substrate. 
[Solving Means] 

When a semiconductor silicon thin film 102 on an insulating glass substrate 101 is 
crystallized by a XeCl excimer laser 103, the substrate 101 is irradiated with a CO2 laser 
15 104 with a wavelength of 9 to 1 1 urn at the same time as or before/after the irradiation of 
the semiconductor silicon thin film 102 so that a portion of the substrate 101 which is near 
to an interface between the substrate 101 and the semiconductor thin film 102 is selectively 
heated. 

[Scope of Claim] 
20 [Claim 1] 

A method for thin film modification when an excimer laser is irradiated to modify 
a thin film on an insulating substrate characterized by comprising the steps of light 
irradiation which is more easily transmitted through the thin film than the excimer laser, 
and selectively heating a portion of the substrate which is a vicinity of the interface 
25 between the substrate and the thin film. 
[Claim 2] 

The method for thin film modification according to Claim 1, characterized in that 
the thin film is a silicon thin film; the insulating substrate is a silicon dioxide substrate; and 
a light for heating the substrate as selective has 9 to 1 1 um wavelength. 
30 [Claim 3] 
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The method for the thin film modification according to Claim 2, characterized in 
that the light for heating the substrate is a CO2 laser. 
[Claim 4] 

The method for the thin film modification according to any one of Claims 1 to 3, 
5 characterized in that light irradiation for heating the substrate is performed at the same time 
as the excimer laser irradiation, before the excimer laser irradiation or after the excimer 
laser irradiation. 
[Claim 5] 

The method for the thin film modification according to any one of Claims 1 to 4, 
10 characterized in that an insulating film is formed on the thin film. 
[Claim 6] 

The method for the thin film modification according to any one of Claims 2 to 5, 
characterized in that the light for heating the substrate is a continuous light with a 
wavelength of 9 to 11 u.m and the continuous light scans a region where the excimer laser 
15 is irradiated. 
[Claim 7] 

The method for the thin film modification according to Claim 2, characterized in 
that the insulating film is a silicon dioxide thin film. 
[Claim 8] 

20 The method for the thin film modification according to any one of Claims 1 to 7, 

characterized in that modification of the thin film is crystallization of the thin film. 
[Claim 9] 

An apparatus for a thin film modification characterized by comprising a substrate 
stage provided with an insulating substrate on which a thin film is formed, a first light 

25 source for generating a UV pulse of 400 nm or shorter in wavelength, a second light source 
for generating a continuous light or a pulsed light of 9 to 1 1 um in wavelength, a group of 
optical elements for processing light from the first and second light sources into the 
predetermined irradiation shape and intensity distribution and then irradiating the light 
with the substrate on the substrate stage. 

30 [Claim 10] 
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The apparatus for thin film modification according to Claim 9, characterized in 
that the thin film is crystallized by UV pulse irradiation from the first light source. 
[Detailed Description of the Invention] 
[0001] 

5 [Technical Field to which the Invention Pertains] 

The present invention relates to an effective method for modification in thin film 
and an effective apparatus for implementation of the method for forming a semiconductor 
thin film such as a silicon thin film which forms a crystalline silicon thin film transistor. 
In particular, the present invention relates to a method for thin film modification and an 
10 apparatus for implementation of the method which crystallize a thin film by an excimer 
laser. 
[0002] 

[Conventional Art] 

A typical technique for forming a thin film transistor (TFT) on a glass substrate 
15 includes a technique of a hydrogenated amorphous semiconductor TFT and a technique of 
a poly crystalline silicon TFT. A maximal temperature of the manufacturing process in the 
former is approximately 300 °C, which realizes about 1 cm 2 /Vsec carrier mobility. In the 
latter, high temperature process at approximately 1000 °C similar to that in LSI in which a 
quartz substrate is used for instance makes it possible to achieve performance of 30 ~ 100 
20 cmVVsec carrier mobility. Achievement of such high earner mobility has substantial 
benefit in cost and miniaturization; specifically, when the above TFT is applied to a liquid 
crystal display, a peripheral driving circuit portion as well as a pixel TFT for driving each 
pixel can be simultaneously formed on the same glass substrate. 
[0003] 

25 However, in the latter polycrystalline silicon TFT technique, an inexpensive glass 

with low softening point that can be used in the former process of a hydrogenated 
amorphous semiconductor TFT technique is not available if the above high temperature 
process is employed. Thus, low temperature formation technique in polycrystalline 
silicon film where laser crystallization technique is applied has been researched and 

30 developed since reduction in a process temperature of polycrystalline silicon TFT is 
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required (Japanese Patent Laid-Open No. H6-89905, Japanese Patent Laid-Open No. H 

7-106247, and Japanese Patent Laid-Open No. H 9-235172). 

[0004] 

FIG. 1 1 is a schematic view illustrating an example of a conventional pulsed laser 
5 irradiation apparatus for laser crystallization on this polycrystalline silicon film. A silicon 
thin film 16 which is an irradiation object is formed on a glass substrate 15 that is arranged 
on an xy stage 17. Laser light supplied from a pulsed laser light source 11 enters the 
silicon thin film 16 on the glass substrate 15 through a light path 17 determined by a group 
of optical elements such as a mirror 12 and a beam homogenizer 14 which is provided for 
10 homogenization of a special intensity. Due to a small region per one irradiation 
compared to the entire glass substrate, moving the glass substrate 15 on the xy stage 17 
enables laser irradiation to an optional position on the substrate. After a laser light 
irradiation, the substrate 15 is stored in a cassette 18 by a substrate transportation system 
19. 

15 [0005] 

Patent No. 2525101 discloses a technique for heating a substrate up to 300 ~ 
500 °C in order to prevent nonuniformity in a film quality caused in crystallization of a 
silicon thin film by such a laser irradiation while a spot laser light is irradiated with a step 
move. 

20 [0006] 

[Problems to be Solved by the Invention] 

However, the above method where a substrate is heated up to 300 to 500 °C has 
problems caused by a swell and a warp in the substrate, which makes it difficult to perform 
in-focus irradiation with a light of which irradiation size is processed in a um order 

25 because positional accuracy for laser irradiation to a desired position and a large depth of 
focus for irradiation laser light are required. In addition, heating a substrate as high as 
500 °C has a problem in that there is a severe limitation on a substrate material, whereby a 
material with low softening point can not be used. The reason is that, for example, if the 
above conventional technique is applied to manufacture of a thin film transistor for liquid 
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crystal display, shrink of a substrate by substrate heating in a later step causes a misalign 
and the like because a process by photolithography should be performed in a urn order. 
[0007] 

Further, J. S. Im et al. Applied Phisics Lette, vol. 64, (1994), pp.2303 suggests that 
5 grain diameter should be enlarged in laser crystallization when a temperature of a substrate 
is set at 500 °C or more, specifically, 600 °C or 800 °C. However, as already mentioned 
above, heating a substrate up to over 500 °C is practically impossible. 
[0008] 

The present invention is invented in view of the above problems. An object of 
10 the present invention is to provide a method for thin film modification and an apparatus for 
implementation of the method that prevent shrink and a warp in a substrate by the substrate 
heating so that the substrate is irradiated to have a precise pattern of approximately 1 jam 
line width while precise laser irradiation to a desired position can be mechanically 
controlled. Furthermore, the present invention enables heating a substrate up to 500 °C or 
15 higher while shrink and a warp in the substrate is controlled. 
[0009] 

[Means for Solving the Problem] 

A method for a thin film modification in accordance with the present invention is 
characterized by irradiating the thin film with a light which is easier to be transmitted the 
20 thin film than the excimer laser when the thin film on an insulating substrate is modified by 
excimer laser irradiation, whereby a substrate portion near a surface between the substrate 
and the thin film is selectively heated. 
[0010] 

In this method for the thin film modification, for instance, the above thin film is a 
25 silicon thin film; the insulating substrate is a silicon dioxide substrate; and a light for 
heating the substrate as selective is from 9 to 1 1 um in wavelength. In this case, light for 
heating the substrate is preferably a C0 2 laser. Light irradiation for heating the substrate 
can be performed at the same time as, the excimer laser irradiation, before the excimer 
laser irradiation or after the excimer laser irradiation. Light for heating the substrate may 
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be pulsed light or continuous light with a wavelength of 9 to 11 urn which may scan a 

region where the excimer laser is irradiated. 

[0011] 

An insulating film may be formed on the thin film, and a silicon dioxide thin film 
5 can be formed as the insulating film. For quality modification of these thin films, is a 
process to change a characteristic of a silicon thin film into a desired one such as 
crystallization of an amorphous silicon film to a polycrystalline silicon film, grain coarsing 
in a silicon film with a small grain size to a large one, and reducing a crystal defect in a 
film so as to turn into a film with few crystal defects. 
10 [0012] 

A thin film modification apparatus in accordance with the present invention is 
characterized by comprising a substrate stage that has an insulating substrate on which a 
thin film is formed, a first light source generating UV pulse of 400 nm or shorter in 
wavelength, a second light source generating a continuous light or pulsed light of 9 to 11 
15 un in wavelength, and a group of optical elements for processing light from the first and 
the second light source into the predetermined irradiation shape and intensity distribution 
to irradiate the substrate on the substrate stage . 
[0013] 

In the present invention, for example, when a semiconductor thin film on the 
20 insulating substrate is crystallized by an excimer laser, a substrate portion in a vicinity of 
an interface between the substrate and the semiconductor thin film is selectively heated 
specifically by C0 2 laser light irradiation. In this manner, the vicinity of the interface in 
contact with the semiconductor thin film, not an entire substrate, can be selectively heated 
by light irradiation with an excimer laser which is more absorbable into the substrate than 
25 into the semiconductor thin film. Thus, only a portion of the substrate is heated as 
selective where needed, which does not cause a warp and shrink in the substrate; thus, film 
quality can be homogenized. 
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. [0014] 

Generally, light energy I which is transmitted through a film thickness d is 
equated to the below equation 1 using irradiation light energy Io and absorption coefficient 
a. 

5 [0015] 

[Equation 1] I=Ioe - ad 

In case of a thin film transistor used for a liquid crystal display and the like, a 
thickness of a glass substrate is approximately 0.5 mm ~ 1.1 mm, and a silicon thin film 
that is used is 10 ~ 200 nm thick, ideally about 30 ~ 100 nm. Absorption coefficient of 

10 silicon to light with a wave length of approximately 10.6 urn is 1.5 (1/cm); silicon dioxide, 
1.22 x 10 3 (l/cm). As compared with the two, a silicon thin film existing on a surface 
(e.g. 100 nm thick) transmits 99.99 % or more light of 10.6 um wavelength and the silicon 
dioxide substrate absorb 70 % or more light at a surface 10 um. When a wavelength is 
approximately 9.3 um, selectivity in light absorption coefficient to material is further 

15 distinguished; thus, absorption coefficient of silicon is 0.64 (1/ cm), absorption coefficient 
of silicon dioxide is 3.05 x 10 4 (1/ cm), which indicate that silicon existing on a surface 
(e.g. 100 nm thick) transmits 99.999 % or more, while silicon dioxide absorb 95 % or more 
light at a surface 1 um. 
[0016] 

20 Accordingly, for example, using a carbon dioxide laser that can obtain 50 or more 

emission lines in a wavelength region of 9 ~ 1 1 um and selecting a desired wavelength 
enable selectively heating a substrate portion near an interface between a substrate and the 
semiconductor thin film. 
[0017] 

25 Moreover, when an excimer laser irradiates to crystallize a semiconductor device 

where an insulating film (e.g. a silicon dioxide film) is selectively arranged on a silicon 
thin film on an insulating substrate, light from 9 to 1 1 um in wavelength is irradiated 
before/after or at the same time as excimer laser irradiation, whereby heat treatment from 
both top and bottom of the silicon thin film is allowed and new effects that crystal grain 

30 size is enlarged by decrease in cooling speed during a crystallization process by an excimer 
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laser is achieved. Further, when a silicon dioxide film is selectively arranged above a 
silicon thin film, thermal capacity in that portion increases; therefore, recrystallization of a 
silicon below the silicon dioxide film proceeds compared to its periphery and favorable 
crystal is formed. Consequently, growth in lateral direction using there as a nucleus 
5 progresses toward a region which does not include a silicon dioxide in an upper portion. 
[0018] 

In addition, scanning a region where an excimer laser is irradiated with continuous 
light of wavelength of 9 ~1 1 um enables thermal distribution (gradient) to be formed in an 
excimer laser irradiation region. Owing to thermal gradient formed at the substrate side, 
10 direction of crystallization in recrystallization after an excimer laser irradiation can be 
controlled, and then control of enlarging a grain size and positioning a crystal grain 
become possible. 
[0019] 

Also, light irradiation having a wave length of from 9-11 um to a stack of a 
15 silicon thin film and an insulating film (a silicon dioxide thin film) can make an interface 
between the silicon thin film and the insulating film reach a high temperature of 1000 °C or 
higher without damage to the substrate and thus can form a favorable MOS interface. 
[0020] 

[Embodiment Mode of the Invention] 

20 Hereinafter, embodiments of the present invention will be specifically described 

with reference to attached drawings. FIG. 1 is a schematic view illustrating a first 
embodiment of the present invention. In this embodiment, a silicon thin film 102 (100 
nm thick) formed on a glass substrate 101 (0.7 mm thick) of which main material is a 
silicon dioxide is irradiated with a XeCl excimer laser 103. The substrate 101 is 

25 irradiated with a CO2 laser 104 at the same time as or before/after the XeCl excimer laser 
103 irradiation. 
[0021] 

In this case, between the glass substrate 101 and the silicon thin film 102, for 
example, a silicon dioxide layer or the like which has higher purity of silicon dioxide than 
30 a glass substrate may be provided, or impurities may be added to the silicon for controlling 
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valence electron. Irradiation of the XeCl excimer laser 103 with such a silicon thin film 
can modify a quality such that the silicon thin film is irradiated in high intensity enough to 
be melted and recrystallized compared to a film thickness of the silicon thin film 102. 
That is, it enables quality modification in the silicon thin film 102 such as crystallization in 
5 an amorphous silicon film to a polycrystalline silicon film, grain coarsening from a silicon 
film with small grain size to a silicon film with large one, and reducing a crystal defect in a 
film so as to turn into another film with few crystal defects. 
[0022] 

Then, in this embodiment, decrease in cooling speed in a substrate 
10 recrystallization process and increase in grain size of a polycrystalline silicon are possible 
because the CO2 laser 104 is irradiated during these crystallization process by the excimer 
laser 103 and an interface between the silicon thin film 102 and the glass substrate 101 is 
heated up to high temperature. 
[0023] 

15 Table 1 below shows optical constants of silicon and silicon dioxide at each 

wavelength. Note that data in this Table 1 is quoted from Handbook of Optical Constants 
of Solids edited by E. Palik, 1985, Academic Press. 
[0024] 



[Table 1] 





Wavelength (pm) 


n 


k 


Absorption 
Coefficient a 


Si 


10.64 


3.42 


1.27X10" 04 


1.50xl0 +00 


Si0 2 


10.53 


2.224 


0.102 


1.22xl0 +03 


Si 


9.259 


3.42 


4.72x1 0" 05 


6.40xl0" 01 


Si0 2 


9.302 


2.25 


2.26 


3.05xl0 +04 



[0025] 

Namely, silicon (e.g. 100 nm thick) on a surface transmits 99.99 % or more light 
with 10.6 pm wavelength, and silicon dioxide absorb 70 % or more light in a surface 10 
pm when absorption depth in each film is obtained by optical constant and absorption 
10/20 
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coefficient, which is obtained from the optical constant in a case where irradiation 
wavelength are approximately 10.6 um and approximately 9.3 um respectively as shown in 
this Table 1. When a wavelength is about 9.3 um, selectivity of light absorption or 
transmittance becomes further distinguished; silicon on a surface (e.g., 100 nm thick) 
5 transmits 99.99 % or more light, and 95 % or more light is absorbed into silicon dioxide at 
1 um in the surface. 
[0026] 

In contrast, absorption coefficient of an excimer laser that has a shorter 
wavelength than a XeF excimer laser with 351 nm wavelength, for example a XeCl laser 
10 and a KrF laser, to silicon reaches as long as 10 6 cm"'. Accordingly, absorption into a 
glass substrate hardly occurs. 
[0027] 

Considering the above, melting and recrystallization of the silicon thin film by the- 
excimer laser 103, and substrate heating by the C0 2 laser 104 can be simultaneously 
15 performed. Additionally, as mentioned above, substrate heating by the CO2 laser 104 is 
about 1 to 10 um; thus, a top surface of the glass substrate can be heated up to 1000 °C or 
higher by using a pulsed oscillating C0 2 laser which is controlled into 50 nsec to 100 usee 
without a warp and a shrink in the substrate. 
[0028] 

20 A timing for laser irradiation at this time, as shown in from FIG. 7 to 9, has a 

variety of modes. In FIG. 7 to 9, a solid line shows an excimer laser, and a dashed line 
shows a CO2 laser. Laser irradiation methods include a method in FIG. 7 that a C0 2 laser 
is irradiated after an excimer laser irradiation, and a method in FIG. 8 and 9 that a C0 2 
laser is irradiated and then an excimer laser is irradiated after the predetermined delay time. 

25 Alternatively, such a method is available that the substrate is irradiated with an excimer 
laser from its rear surface and the substrate is irradiated with a C0 2 laser from its front 
surface using a generic substrate which easily transmits light of approximately 351 nm 
wavelength, specifically OA-2 glass by Nippon Electric Glass Co., Ltd. Naturally, a C0 2 
laser of CW type may be used depending on a desired heating condition. 
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[0029] 

FIG. 2 (a) to (g) and (d') to (f ) are cross sectional views illustrating steps in order 
of the first embodiment that is applied to a manufacturing method of the thin film transistor. 
Note that FIGS. 2 (d') to (f ) are cross sectional views in a direction perpendicular to the 
5 cross section of (d) to (f). As in FIG. 2 (a), a silicon dioxide film 508 is formed on a 
substrate after the glass substrate 501 with a flat surface (including e.g. OA-2 glass by 
Nippon Electric Glass Co., Ltd., or 1737 glass by Corning Incorporated., and a quartz 
substrate) is washed using acid or alkali. For this formation method, an LPCVD method; 
a TEOS (Tetraethoxysilane) method; a plasma CVD method using silane, oxygen, ozone, 
10 or the like; and a normal pressure CVD method are available. Alternatively, the silicon 
dioxide film can be formed by heating and baking an applied film of high-order silane, 
organic silica, and the like. 
[0030] 

Next, the substrate is washed again, and then an amorphous silicon thin film is 
15 deposited to 75 nm by a LPCVD method at 450 °C using disilane gas for a source material. 
After the deposition, an extra wash is performed shortly before a subsequent step. 
[0031] 

Later, a substrate on which a Si film is provided, as formed above, is arranged in a 
laser anneal apparatus. A process chamber is temporarily evacuated to a vacuum 

20 (approximately 10" 2 ~ 10" 6 torr), an Ar gas is introduced from a gas introduction hole, and 
then a gas flow meter and an evacuation valve are controlled in order to keep 700 torr. 
Until 700 torr, another introduction hole that can flow larger amount of gas flow can be 
used to introduce an Ar gas instead of the gas introduction hole for keeping the pressure of 
the Ar gas. After the pressure of the Ar gas reaches 700 torr, an excimer laser is operated 

25 to start laser irradiation to the substrate. A pulsed laser light source includes XeCl 
(wavelength of 308 nm), XeF (351nm), KrF (248nm). In this time, a pulsed C0 2 laser is 
simultaneously irradiated. For a range of irradiation, an irradiation region is desirably 
slightly wider than that of the excimer laser, and thus beam intensity profile is properly 
selected. 
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[0032] 

As shown in FIG. 2 (b), this laser irradiation crystallizes an amorphous silicon 
film to form a polycrystalline silicon film 502. 
[0033] 

5 After that, a silicon dioxide film 503 is formed to 10 nm as in FIG. 2 (c). For 

forming this silicon dioxide film 503, a formation means similar to a deposition method 
used for forming of the silicon dioxide film 508 is accessible. In this case, the formation 
process of the silicon dioxide film 503 is desirably performed such that it is transported to 
a formation chamber for the silicon dioxide film without being exposed to the air after the 
10 formation of the polycrystalline silicon film 502. 
[0034] 

Then, as shown in FIG. 2 (d), the polycrystalline silicon film 502 and the silicon 
dioxide film 503 are patterned to form an island, when the silicon dioxide film 503 is 
patterned to be slightly smaller than the polycrystalline silicon film 502, whereby 
15 generation of gate leakage can be controlled. 
[0035] 

Subsequently, a silicon dioxide film 504 is formed to cover the polycrystalline 
silicon film as in FIG. 2 (e). An n + silicon film is formed by a plasma CVD method, or 
formed of an amorphous silicon film doped with phosphorus and is activated by laser, 

20 lamp heat treatment, or the like. Then an Al layer is formed by sputtering and a gate 
electrode 505 is formed by patterning a stacked layer of these Al/n + silicon films. Note 
that it is not limited to Al, metals like tungsten, molybdenum, tantalum, copper, and the 
like; silicide films such as tungsten silicide and molybdenum silicide; or a stack layer of 
the above may be used. After a formation of the gate electrode 505 formed of the Al/n + 

25 silicon stacked films, which is used for a mask to pattern the lower layers of silicon dioxide 
films 504 and 503, a source/drain region 509 is formed by an ion doping method, a plasma 
doping method in which mass separation is not performed, or an ion implantation method 
etc. in which only a desired ion can be selected by mass separation method. 
[0036] 

30 Then, as shown in FIG. 2 (g), an interlayer insulating film 506 is formed and a 
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contact hole is provided therein and subsequently, an Al wiring 507 is arranged to form a 

TFT. 

[0037] 

Like the method above, process reproducibility and long-term stability in laser 
5 irradiation can be secured by providing a TFT and a liquid crystal display, an image sensor, 
and the like in which the TFT is used for an active element, thereby improving product 
yield. 
[0038] 

Next, a second embodiment of the present invention will be described. As in 
10 FIG. 3 (a), a silicon thin film 102 (75 nm thick) is deposited on a glass substrate 101 (1.1 
mm thick), and further a silicon dioxide film 105 (100 nm thick) is deposited thereover and 
patterned to a desired shape. A stack is irradiated with an excimer laser 103 and a CO2 
laser 104 by means similar to the above. Since thermal capacity is high by a region where 
the silicon dioxide film 105 exists, rise in temperature of the silicon thin film 102 due to 
15 both laser irradiations is lower than that of periphery portions and solidification in 
recrystallization begins earlier than its peripheries; accordingly, a large grain size region 
107 is formed as crystal growth in the silicon thin film 102 proceeds in lateral direction in 
which a small grain size region 106 below the silicon dioxide film 105 is a nucleus. 
Moreover, crystal growth in a portion of the silicon thin film 102 lower of the silicon 
20 dioxide film 105 is also promoted as compared to a case where a substrate heating by a 
CO2 laser is not performed. As a result, there is an advantage that a nucleus crystal grain 
size is large, whereby the crystal size which grows in the periphery becomes large. 
[0039] 

Then, a third embodiment of the present invention will be described with 
25 reference to FIG. 4. As in FIG. 4 (a), a glass substrate 101 is irradiated with a C0 2 laser 
104 with a predetermined beam size of a CW type, on which a silicon thin film 102 is 
deposited, and is scanned in the direction shown by a scanning direction 110. This 
scanning determines a surface temperature of the substrate to a position on the substrate at 
a certain time as shown in FIG. 4 (b). This can be optionally set depending on the 
30 intensity of laser irradiation, the thickness of silicon, the laser wavelength, the speed in 
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scanning, and the like. A CO2 laser irradiation, before or at the same time with excimer 
laser irradiation, generates similarly to the above thermal gradient in a silicon thin film to 
which excimer laser is irradiated; thus, crystal growth along its temperature gradient 
proceeds and can form crystal grain in the predetermined position by controlling an 
5 irradiation position. 
[0040] 

Next, a fourth embodiment of the present invention will be described with 
reference to FIG. 5. A heat-assisted method for an excimer laser crystallization using an 
infrared laser like the above can change an interface between the silicon thin film that has 
10 already finished crystallization and the silicon dioxide thin film that is formed above or 
below the silicon thin film into a structure with little electric defect level. Namely, as 
shown in FIG. 5, irradiation of a Si0 2 film 105 with the C0 2 laser 104 from above allows 
simultaneous heat treatment of the upper Si0 2 film 105 and the lower glass substrate 101. 
[0041] 

15 As described above, in case of the Si0 2 film 105 (100 nm thick) on a surface, 

about 26 % energy of light with approximately 9.3 um wavelength is absorbed; the silicon 
(100 nm thick) transmits 99.999 % or more; and the remaining 69 % or more light is 
absorbed in 1 (am deep from a surface of a portion of the substrate 101 which is formed of 
silicon dioxide. Accordingly, employing an about several 10 ~ several 1000 nsec pulsed 

20 light source enables heat treatment of interface of silicon/silicon dioxide on the surface 
without heating the entire substrate. 
[0042] 

FIG. 6 (a) to (g) and (d') to (f ) are cross sectional views illustrating steps in order 
of the fourth embodiment that is applied to a manufacturing method of a thin film 

25 transistor. Note that (d') to (f ) in FIG. 6 are cross sectional views seen from laterals of 
(d) to (f). As in FIG. 6 (a), the glass substrate 501 with a flat surface (eg. OA-2 glass by 
Nippon Electric Glass Co., Ltd., or 1737 glass by Corning Incorporated., and a quartz 
substrate are included) is washed using acid or alkali and then the silicon dioxide film 508 
is formed on the substrate. A method similar to that in FIG. 2 (a) is accessible to this 

30 formation method of the silicon dioxide film 508. 
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[0043] 

Next, an amorphous silicon thin film is deposited to 75 nm at 450 °C by a LPCVD 
method using disilane for its material after the substrate is washed again. Subsequent to 
this deposition, the substrate is washed once again shortly before a next step. 
5 [0044] 

> Then the substrate on which a Si film is provided is arranged in the laser anneal 
apparatus similarly to FIG. 2 as described above. A process chamber is temporarily 
evacuated to a vacuumed (approximately 10 2 ~ 10 " 6 torr), an Ar gas is introduced from a 
gas introduction hole and then a gas flow meter and a evacuation valve are controlled in 
10 order to keep 700 torr. 
[0045] 

After the pressure of Ar gas reaches 700 torr, an excimer laser is operated to start 
laser irradiation to the substrate. A pulsed laser light source includes XeCl (wavelength 
of 308 nm), XeF (351 nm), KrF (248 nm). 
15 [0046] 

After the polycrystalline silicon film 502 is formed by laser irradiation, the silicon 
dioxide film 503 is formed to 10 nm. In forming this silicon dioxide film 503, a 
formation means similar to a deposition method used for forming the silicon dioxide film 
508 is accessible. Further, the silicon dioxide film 503 is desirably formed such that it is 
20 transported to a formation chamber for the silicon dioxide film without being exposed to 
the air after the formation of the polycrystalline silicon film 502. 
[0047] 

At this time, a pulsed C0 2 laser is irradiated as shown in FIG. 6. For a range of 
irradiation, a irradiation region is desirably slightly wider than that of an excimer laser, and 
25 thus beam intensity profile is properly set. Laser light of continuous wave type is 
acceptable but pulse type is more preferable in order to control damages to the substrate. 
Then, the polycrystalline silicon film 502 and the silicon dioxide film 503 are patterned to 
form an island, when the silicon dioxide film 503 is patterned to be slightly smaller than 
the polycrystalline silicon film 502, whereby generation of gate leakage can be controlled. 
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[0048] 

Subsequently, a silicon dioxide film 504 is formed to cover the polycrystalline 
silicon film as in FIG. 6 (e). An n silicon film is formed by a plasma CVD method, or 
formed of an amorphous silicon doped with phosphorus and is activated by a means such 
5 as laser, lamp heat treatment, or the like. Then an Al layer is formed by sputtering and a 
gate electrode 505 is formed by patterning Al/n + silicon stacked films. Note that it is not 
limited to Al, metals like tungsten, molybdenum, tantalum, copper, and the like; silicide 
films such as tungsten silicide and molybdenum silicide; or a stack layer of the above may 
be used. 
10 [0049] 

Next, after a formation of the gate electrode 505 formed of the Al/n + silicon 
stacked films, which is used for a mask to pattern the lower layers of silicon dioxide films 
504 and 503, a source/drain region 509 is formed by an ion doping method, a plasma 
doping method in which mass separation is not performed, or an ion implantation method 
15 etc. in which only a desired ion can be selected by mass separation method. 
[0050] 

Then, an interlayer insulating film 506 is formed and a contact hole is provided in 
the interlayer insulating film 506. Subsequently, an Al wiring 507 is arranged to 
complete a TFT as in FIG. 6 (g). 
20 [0051] 

At the time, the polycrystalline silicon film is formed or the amorphous silicon 
film is formed, application to quality modification in the silicon dioxide and activation of 
impurities by carbon dioxide gas laser is also possible. 
[0052] 

25 Like the method above, reproducibility and long-term stability in laser irradiation 

can be secured by providing a TFT and a liquid crystal display, an image sensor, and the 
like in which the TFT is used for an active element, thereby improving product yield. 
[0053] 

Next, an embodiment of the apparatus of the present invention will be described 
30 with reference to FIG. 10. An excimer laser is irradiated from a pulsed laser light source 
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811 to a glass substrate 815 and a silicon thin film 816 thereon on an xy stage 817, which 
is arranged in a vacuum chamber 818, through a mirror 812 and a beam homogenizer 814 
and the like. The glass substrate 815 is irradiated with an infrared pulsed laser light 
source 821 which can be controlled in order to synchronize with the excimer laser in 
5 oscillation, similarly to the excimer laser, through an infrared beam homogenizer 824, an 
infrared mirror 822, and the like. 
[0054] 

Such a structure permits heating of a top surface of the substrate by an infrared 
laser and melting and recrystallization of the silicon thin film 816 by a UV short pulsed 

10 laser. For an infrared light source, a continuous wave laser will do instead of a pulsed laser, 
and it may be provided with some structures (e.g. a polygon mirror etc.) for scanning a 
beam. In addition, a UV light source of approximately 351 nm relatively enables easy 
excimer laser crystallization from a rear surface of the substrate; therefore, a structure can 
be formed such that introduction of UV light is from below the substrate, and infrared light 

15 is from above the substrate. 
[0055] 

Note that a group of optical elements may be moved instead of the xy stage 817, 
and alternatively the group of optical elements can be moved with being combined with the 
stage. Laser irradiation can be also performed in the vacuum chamber 818 under the 
20 vacuum or high purity gas atmosphere. 
[0056] 

[Effect of the Invention] 

As described above, the present invention prevents shrink and a warp in a 
substrate by heat treatment, whereby a precise laser irradiation which can be mechanically 

25 controlled on a desired position can be achieved. Thus, the present invention enables 
laser irradiation on a substrate with a precise pattern of approximately 1 um line width and 
a small depth of focus. Further, the present invention realizes a heat treatment of a 
substrate at 500 °C or more with controlling shrink and a warp in a substrate, which 
prominently improves performance of the silicon thin film for a crystalline silicon thin film 

30 transistor and that remarkably contributes to development of a technical field in which this 
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thin film transistor is used. 

[Brief Description of the Drawings] 

[FIG. 1] A schematic view illustrating a first embodiment of the present invention. 
[FIG. 2] (a) to (g) and (d') to (f ) are cross sectional views illustrating steps in order where 
5 the embodiment is applied to a manufacturing method for a thin film transistor. 

[FIG. 3] (a) and (b) are schematic views illustrating a second embodiment of the present 
invention. 

[FIG. 4] Schematic views illustrating a third embodiment of the present invention. 
[FIG. 5] A schematic view illustrating a fourth embodiment of the present invention. 
10 [FIG. 6] (a) to (g) and (d') to (f ) are cross sectional views illustrating steps in order where 
the embodiment is applied to a manufacturing method of for a thin film transistor. 
[FIG. 7] A schematic view showing an irradiation timing of an excimer laser and a CO2 
laser. 

[FIG. 8] A schematic view showing an irradiation timing of an excimer laser and a C0 2 
15 laser. 

[FIG. 9] A schematic view showing an irradiation timing of an excimer laser and a CO2 
laser. 

[FIG. 10] A schematic view illustrating an embodiment of an apparatus in the present 
invention. 

20 [FIG. 1 1] A schematic view illustrating a conventional apparatus. 

[Description of the Numerals] 

101 : glass substrate 

102: silicon thin film 

103 : XeCl excimer laser 
25 104: C0 2 laser 

105: Si0 2 film 

501 : glass substrate 

502 : polycrystalline silicon film 

503, 504 : silicon dioxide film 
30 505: gate electrode 
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811: pulsed laser light source 

812: mirror 

814: beam homogenizer 

815: glass substrate 

5 816: silicon thin film 

817: xy stage 

821: infrared pulsed laser 
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